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trons the magnetic component of the electromagneti credited with the first use of w 
radiation would force the electrons to move, thus can manufacturing techniques for n 
celling out the electri component of the electromagnet used until this century. The t 
radiation. With either the electric or magnetic tield elim ruins of a Roman bath house 
inated, light would cease to exist. This situation ts analo dropping a piece of moiten v 
gous to the cancellation of radio waves by bridges or other from all sides until it had tak 
metallic structures with ‘free’ electrons. Crown glass was also deve 
Phough a good insulator at room temperatures, glass be flat glass was made first by 


comes a good electrical conductor at elevated tempera glass, to which was attached 


tures. This is due to the fact that glass can be considered pipe was then nipped off 


as an tonic liquid. Because of the high viscosity at room phere. By whirling the 
temperature, the ions are not easily moved; however, a imultaneou 


te mperature increases, 1ons are permitted lo tlow, and wil 
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ELECTRIC POWER FOR THE FLAT GLASS IWDESTRY 


From conventional window glass to accurately ground plate glass, electric 


drives and controls playa vital part inthe manufacture of flat glass products. 


E. C. FOX livered by rail the materia ire tne! Ccarriea to the 


Indu il Engineering Department storage bins by conveyors. Broken pieces of scrap g 
We ghouse bl , , called cullet also are stored in b 
hua I irgh, Pe i i , , ' 

Phe electrical equipment used to drive and control the 

Phe major developments in the manufacture of flat gla raw material handling equipme! milar to bulk han- 
ive been from semi-continuous to continuous processing dling equipment used in other industrie Squirre ive 
ind trom manua to machine handling Electric drives and induction motor drive the onveyor systems The starting 
ontrols have made this possible, comemdent, of course characteristics of these motors are chosen to meet the re- 
with the development of new manufacturing method quirements of the conveyors. In many cases, NEMA-( 
bor example, today electric power ts used to weigh the motors are required to obtain additional starting torque 
raw materials and convey them to the melting turnace Some of the motors are mounted outside or in d Ol 
eal the furnace, regulate and power the rolls that pull the taminated atmospheres and the enclosure must be chosen 

vii from the furnace, and run the grinding and poll ning to meet these conditions 

nes. In the tuture, in-line computers might help to in The raw materials, including et, are accurately 
rease the usable vila from a line by optuumizing the na we yhed, mixed, and conveved | » the glass Tlurnace This ts 
iv operation accomplished by means of batch control. Raw materials 

; ? are normally removed from the storage bins with vibrators 
preparation of row materials which transfer the materia toa weighing bin. When the 
The ba rawW:sos Material ised in the produ tion of flat desired weight Is obtained the materials are dumped Irom 
i ire ind odium oxide and calcium oxide sma the weighing bins onto a convevor belt that transports the 
mounts of other materials are added to produce different raw materials to the mixing operation. The raw materials 
iracterist At most plants, the raw material ire ce then proceed to the glass furna e. A omplex reiay sequenc- 
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ing control is required to synchronize the weighing and 
mixing process. In future installations, static logic controls 
could replace the relay system for an increase in reliability 
Data logging could be included with static controls to 
register the weight and other raw material information in 
each batch. 

The rate at which the raw materials are fed into the glass 
furnace is controlled to maintain a constant level of molten 
glass in the furnace. Some furnaces are equipped with a 





regulator system to control this rate. The system uses a 
tungsten or platinum probe to determine the level inside 
the furnace. The probe is slowly driven down by a small ac 
or dc motor. When the probe touches the surface, the 
passage of electric current from the probe into the moltet 
glass automatically stops the probe. After determining the 
position of the probe, the feed of raw material ts then either 


inc reased or decreased. 


flat glass furnaces 

The operation of the glass furnace is basically the same 
for both window and plate glass. A mixture of gas and air! 
burned over the molten glass within the furnace. The raw 
materials are plac ed in one end of the furnace and molter 
glass Is pulled from the other end. The temperature of the 
glass within the furnace varies from 1500 to 3000 degree 
F, at which temperature glass is a good electrical conductor 

Some furnaces use electric heating as a form of booste 
heat by placing electrodes in the bottom and side ol the 
furnace and passing alternating current between them. The 


electrodes are usually composed of molybdenum, one of the 





few metals that will not react with molten gla 

Electric booster heating has two advantage bir 
electric heat ny cat sSamixing action in the moiten g 
allowing an increase in the productive apacityv of the 
furnace. Secondly, the temperature of the glass at critica 


locations can be accurately controlled. However, because 


the conductivity of glass increases with temperature, a 
current regulator is required in most cases 


irom the 


T he ele trodes receive power either dire t 
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plant power system, or through transformers to provide 
isolation and a voltage change. The regulating system 
senses the current value with current transformers. The 
output of the current transformer is rectified and com 
pared with a reference voltage. The difference between the 
two signals is amplified in a magnetic ampliter. The 
magnetic amplifier controls saturable reactors in the power 


eads of the electrodes. 


production of plate glass 


Chemists detine glass as a super-cooled liquid. Because 
dass does not have a definite melting point, it gradually 
When glass 1 
pulled from the furnace it has about the same consistency 
is cold molasses. With this 
from the furnace in a sheet by a pair ol pul 


becomes softer as the temperature increase 


consistency, glass can be drawn 
| rolls 
After leaving the pull rolls, the glass enters 
cools the glass slowly to prevent thermal stresse 


The lehr consists of a furnace-enclosed live-roll convevor 


everal ! mdred feet long 

I he peed between the pu rolls and the lehr must be 
wcurately maintained. Also, the reliability of the lehr and 
pull roll drives ts very important. If the lehr drive should 
top, the ro im the lehr and the pull rol - would warp due 


Maximum reliability of the drive 1 
} 


hich consist 


iften obt uned by ] inv a dual drive vstem, W 


1 two separate drive ystems with bot! Vstem driving 


ugh an over-running clutct The vstem that rut 

faster drive the load Should the taster svstem top, thie 

peed of the ehr and pul roll wil drop to the peed of the 
ther vstem 

The drive ems normally used for the lehr and pu 

ire ol e cirect-currer id ible-voltage typ. 

| hometer feedback regulators accurately control speed 


Phe de motors must be designed to operate in high am 
Dent temperature found near the lehrs and pull roll 
These motors are generally built with class B insulation 


rated to operate on the class A insulation temperature rise 


of 40 deyrees ¢ 


SIMPLIFIED “FLOW DIAGRAM” 


' 
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The lehr is heated by either gas or electricity. When 
electrically heated, resistance heaters are controlled by 
saturable reactors used in conjunction with magnetic 
amplifiers to maintain the proper lehr temperatures. 


grinding and polishing plate glass 

Glass leaving the lehr is cut into large sheets preparatory 
to grinding and polishing. The sheets are first cemented to 
the top ol large steel tables with plaster ol paris. The 
tables, mounted on slides or wheels, are pushed underneath 
the grinding and polishing wheels. The grinding wheels are 
of greater diameter than the table width and have cast iron 
heads that ride on the surface of the glass and act as a 
grinding agent 

After the via ss has passed under the grinding heads the 
urface 1s cleaned. The ylass then Passes under felt-covered 
polishing wheels. Rouge suspended in water is pumped be 


tween the felt and glass, thus polishing the surface to 
obtain clearne The glass passes under several of these 


polishing heads. The entire grinding and polishing opera 
lions repeated for the opposite ide 

Grinding and polishing operations require the largest 
imount of electric power in glass manufacture. The motors 
that turn the grinding and polishing wheels are from 40 to 


75 horsepower. As many as 100 grinding and polishing 


wheels are used, Both ac induction motors and dc motors 
ire used for the grinding and polishing wheel drives. When 
de motors are used, all the motors are driven from a de bus 
Re tance starters are used to start each motor. In older 


1 


plants, motor-generator sets yenerate direct current while 


newer plants use ignitron rectifiers. Today silicon rectifiers 
could be used to provide direct current 

\ pusher drive moves the tables along the grinding and 
polishing line. The drive consists of a pinion mounted at 
the beginning of the line, which engages a rack mounted 
underneath the tables. Since there 1s no spacing between 
tables at this point, the pinion is always engaged with the 


rack 


drive 


The pinion is driven by an adjustable-voltage d 


\ high 


tarting torque is required to overcome the 


OF FLAT GLASS MANUFACTURE | 


a_i 


- a 
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static friction that exists if the tables are not moving. The 
rate of acceleration should be smooth; a 5-to-1 speed ad- 
justment is normally required with a maximum line speed 
of not over 500 inches per minute. The horsepower re- 
quired for the pusher drive depends on the number of 
grinding and polishing wheels and whether the tables have 
wheels or slides. Wheeled tables require less horsepower. 

Many other electrical drive and control systems are re- 
quired on a grinding and polishing line. One of the most 
critical drives is the sand pump drive, which pumps a sand 
and water mixture to the grinding heads. If these pumps 
should fail, the sand would settle in the piping. The pumps 
are driven by an ac constant-speed motor, or a variable- 


speed motor when the flow is adjusted by changing the 
speed of the pump. Variable speed is obtained with either 
dc motors or other types of variable-speed drives, such as a 
Rectitlow drive. 

A recent development in the grinding and polishing of 
hing tine This process 


In the double 


glass is the double grinding and polis 
was first developed and used in F 


urope 
a 


system, the glass is ground and hed on both sides 


polts 


simultaneously. The advantages are that the glass ts 


ground and polished only once, and more uniform thick- 


ness can be maintained. The glass is not cut into pieces 
after leaving the lehr, but goes directly into the grinding 
and polishing process as a continuous strip. The glass rides 
on driven rolls, which are placed between grinding and 


polishing heads. The grinding heads are driven by indivi- 
dual adjustable-speed drives. 


production of window glass 

The production of window glass is less complicated than 
plate glass. The glass is pulled from the furnace in the form 
of a sheet. In many cases, the glass is pulled vertically 
through a slit in a clay block, which is at the surface of the 
molten glass. The shape of the slit, the speed at which the 
glass is pulled, and the temperature of the glass determine 
the thickness of the glass sheet i 
] 


pulled from the furnace with a set of driven rolls. 


\ continuous sheet is 
These 


> 
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rolls are several feet above the furnace so that the race the minimum waste. In addition, Imperfections im the 
# glass is hard enough to prevent the rolls from marking heet, caused by air bubbles or stones within the glass. 
during the process must be cut out 
The glass moving vertically from the furnace enclosed Some automatic machinery is used for cutting glass 
i dl thie temperat ire s regu ated to prevent therma The e mac hines generally can be u ed best when the in 
stresses resulting from rapid cooling. After the glass ha oming glass is composed of equal size sheets and standard 
moved several feet vertically, it is cut into large sheet- ize pieces are to be cut. Plate glass generally is not cut by 
several sheets olf Window vlass generally are pulle ltrom a machines because of the wide Varietyv of sizes required 
vie I ace ereas in the prod ction ol plate vlass (nie exception ts automobile plate glass However, because 
v one sheet is pulled from a furnace machines cannot spot flaws, imperfect pieces must be recut 
\ de or some other form of adjustable-speed drive ir destroyed 
wwer- ne Trolis t it pu the viadss trom the turnace By Plate vlass cutting looks attractive as an application 
wiyusting the peed of the drive. the overa tf Ke ol lor on-tine computers The number and size ol pieces on 
glass can be changed. In recent vears, the trend ha order could be fed to an industrial on-line computer. A 
tree Oo use peed reg ito! t< ! ire mstant pecd eact heet enters the culting machine, the size of the 
The speed-regulated drive is similar to that ed on the heet could be automatically measured and the size and 
plate glass lehrs, bul dual drives are not normally ed position ot any Imperfections in the glass fed into the com 


vuter. With this information, the computer could set the 
| 


eads to have minimum waste and vet obtain the 


Phe next step in the process for both w low and plat desired size pieces to hi orders. However, one of the major 
v to it the irye sheets to tina ‘ In the isc ol problem vet to be olved the automatic detern nation 
‘ 1OW gia ne gias : to standard t ind 1) i gia impertection 
ved. If sizes other nan standard are required € via Throug! the application of new electr il drive and 
ré DV the local s ppilier Plate glas renera mtro coupled with new mar Macturing techniques, that 
il size and s| ipe at the lactory vila an continue to be one of the cheap t, Most Versatile 
Most Viass Is i bv! ind, in such @ Way as to obtar ind readily available construction material « 
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ACCELERATION 
CHARACTERISTICS 
OF SQUIRREL-CAGE MOTORS 


The starting of an induction motor is a critical 
period in the motor’s life. Proper consideration 
of the conditions that occur during starting lead 
to correct application. 


R. L. NAILEN 
Motor I ngineering Section 
Westinghouse Electric Corporation 


Sunnyvaic, Calilornia 


One of the most important considerations in applying in- 
duction motors is the way a motor behaves while starting 
its load and bringing it up to speed Lack of understanding 
of this behavior has led to many burnouts and breakdowns 
Phe characteristic of the motor that distinguishes it from 
other types of prime movers ts that it instantly develops 
large starting torque when energized. No driven machine, 
or for that matter the rotating part of the motor itself, is 
capable of coming up to full speed as fast as that torque ts 
applied. The results are thermal strain in the motor, and 
mechanical strain on the motor shaft, coupling, and load. 
Whereas overloading of the motor while it is running 
primarily causes overheating of the stator winding, start 
ing duty often causes unsafe temperature rise in the rotor 
Physically, the basis for this lies in the equivalent circuit 
of the motor. The electrical power /¢ transferred (via 
magnetic field) across the air gap into the motor rotor 
splits—part of it goes out the shaft and into stored energy 
in the rotating system (7s), and the remainder goes into 
rotor heating (/2°R2). At the moment of starting (RPM 
0, S=1.0), all that power goes into rotor heating. When 
full speed is reached, most of this power ts going out the 
shaft. The power “split” when load torque is negligible ts 
shown in Fig. Ib 
However, when the load torque requirement during 
starting is not negligible, the’ motor takes longer to 
accelerate the load. The longer it takes to reach full speed, 
the more the rotor losses (heating) will increase (Fig. 1 
The stator, as well as the rotor, is heated. Ratio of 
stator heating to rotor heating depends upon the ratio of 
stator resistance (R;) to rotor resistance (Ry). This again 
is consistent with the equivalent circuit of the motor. 
High load torque, then, is one source of overheating 
during starting. A second source ts high load inertia. This 
likewise has the effect of ‘drag’? on the motor as it ts 
brought up to speed, increasing starting time and losses. 
These two conditions—high load torque and high load 
inertia—do not necessarily occur together. For example, 
fan loads usually have low torque requirements during 
acceleration. With small standard motors that have start- 
ing torques of 150 percent or more, the load torque on 
start may be negligible in comparison. However, fan 
inertia is often quite high, as much as 20 times that of the 
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Fig. 1 Equivalent circuit of induction motor and 
graphical representation of rotor heating losses 
during the starting period. 
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Fig. 2 Curves showing heating in stator winding, 
rotor bars, and rotor end rings of 200-hp, 1200-rpm 
induction motor starting (a) high torque and 
(b) high inertia loads. Motor data: starting 
torque 120 percent, breakdown torque 240 percent, 
inertia of motor alone equals 200 Ib-ft?. 





SE ER a es ee NE 


40 





Westinghouse ENGINEER 





motor alone. On the other hand, belt convevor some 
types of ore mills, etc., may require at least 100 percer 
rated torque throughout the starting period. Yet ud 
nertia may only be 5 to 10 times motor inertia—w 
seldom excessive. Most industrial loads fa omewhere be 


tween these two extremes 


From motor e \ ent ¢ ( t theory 1 cle ) 
sta . e distrib ) ind rate of motor he 
star v in be ete ed tor anv given moto | 
T} Ss 1s ) i i { ) emo or cle vn H \ 
should be « ed order to do ede 
signe needs | ( ) ri ia | e loa ere ‘ 
if er Hea g ) ire ( ‘ 
ss t f CT ) t ) 
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Fig. 5 -Speed-torque curves for normal motor design such as NEMA B) showing: Fig. 6 Maximum load inertia that can 
a) normal operation with low load torque on start; b high load torque during normally be handled by squirrel-cage in- 
starting period; and ‘c) reduced voltage starting. duction motors of various speeds. 
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lr parti ilar radial expan ron of the heated ring exe 
the bar ends and can cause tatigue tature Axial expat ol 
of the heated bars causes no uch trouble Therefore, allow 
able bar temperature rise can be mu whe! 
abler ng temperature Common sale mits are 200 degree 


( risein the bars and 110 60 degrees C rise in the rings. O1 





in actual start, the relative bar and ring temperature 
reached depend upon the relative volume, resistivity, a dl 
pecitic heat of the bar and ring materia 

What 1 afe’’ temperature rise in the stator depend 
upon the R, Reratio,a tated above, as we i 1 ( 
volume ¢ pc; the tator winding. Since t ra » 1S 
widely variabie with motor desigi lalliv ranyging Irom 
OS to 2.0), there are times whe the stator wind yreacne 
if afe temperature limit before the rotor doe I} 
happens to be true in the example With Cla \ 
tiol i short me A nding rise of «U to 125 degree ( 
ihbout maximu! Che higher limits apply to small NEMA 
Irame e motors where heating ca itiol re conserva 
live due to rela cly rapid ond mol hea ut o ( 

t 

winding With Cla B or Cla H i ) these Liu 
eats tus reast 
- Avivn % + was tart only once oe hol 
per ) 

The tirst ) nto he dr ‘ tif tno , 
t; wer ’ ry, r ’ ! rt ’ ty r ? ? ' ? ? ter 

i} { co pr ble wat yD! ( eT l » be 
able ) re me rate o ( i a ) 
k \ c i¢ I we a elerat r | eretore 

) ystble " " ed e of safe acceler 

tame for plete desig e af mo wr for : 
Ivy. | r. Whe mad torque ( ( ( ( ( 

1 pive motor de m there t me mertia loa it wv 
bring the motor toits maximum sate temperature lo 
load ere Corres} Is one and only one ir ’ e. B 


UM LIFE—YEARS 


Fig. 7. This shows thrust bearing life as function of thrust 
load for a 6320 bearing. 
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INGUCTION FMOLOP Startirigy (a FHI Th AVE ati 
b) high inertia loads. Motor data: starting 
torque 120 percent, breakdown torque 240 percent, 
inertia of motor alone equals 200 |b-ft?. 





lor ¢ imple, the ale tar e motor 
trated, with low inertia load 1 9 . Ve 
the ! mm inertia ow torque ) ( r r 
ilter accelerating lor 14 seco | ( ‘ yt be 
true ) il¢ flat \ nat ( é 
design must always be limite¢ 1( even 15 s¢ 
re garale o! e nature o ( \ Il ‘ 
encoul ered n practice ma I ] » ) <6 
even more W hnout damage ) ri 
[his re-emphasizes the f ( , 
the probiem of sate motor el ‘ ( ¢ 
motor designer lo rive ( f r 
icteri Data cal then be 1 ( r r r 
gner or app ition engineer ( ( { if CT ( 
lp) re iv orl r oordinatiol ) K¢ ( ) I tT r é 
i] or ehow ul ible to ve et A é é 
time for the particular drive r ‘ 
el tor he elect ol voltave c 
The motor will draw almost 1 ke¢ rré 
rea r OA) or (0 per r rere ( ri 
i iKe an appre ible me r 
Once ‘ me-temperature ‘ 
ive bet ited re r ‘ é r ( 
rT K ¢ ) ( nanye he \ v é 
yt De ine | po ! I ) ( pe re é 
for a g en’ rsepower T ( ( er 
i Vy, and »of decrea y ne qué ( 
! ad ee Lse of one ryle ( 
| yr T if ( ) )) iy i ‘ 
The se {1 maior problem ¢ ‘ ) 
tne ( il i OU ) f é 
! ‘ i ineo i Ie ( 
his is part ely troubles : ¢ 
high inert! vids. Shafts or « j tn ¥ 
peated torsional impact. The ' 
rve belt conveyor drives, cor i lus 
vit cer mis recduct ) ) \"¢ 





ipphed wit! rt r 
lar ny orque ( 1 é 
However, su gn may mere e one ble 
for another unless cle ile¢ ( é ¢ 
motor to take ire of the ( r 

ompany e decrease 1n motor ( 

While reduced-voltage starting primarily » re 
duce starting current to meet power system req reme 
it may also be employed to reduce ele rque ¢ 
tandard design motor to me i \ ife value Here 
too, motor heating should be CCK Re 
applied voltage decrease torque ‘ . r 
the voltage reduction, lt be f 
motor temp ratures 

Other olutions to bot eT ‘ 
lems include the use otf w tO ' é 
increased cost of more compile rol plus some reast 
in motor price and size or the e of special types ol 
couplings or utches todrive the PF ned above.® 





starting period; and ‘c reduced voltage starting duction motors of various speeds 
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MATCHING LOAD AND DRIVE CHARACTERISTICS 


The prope r application Oo} ad ustable -S] eed drives lo the loads o} today’s 
high speed, high quality machinery is one of the most important engi- 


neel ing proble ms facing the electrical ¢ ngineer, 
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Fig. 5 Characteristic curve of pulling Fig. 6 -Speed-torque curves of core-type 
tension against dancer mechanism. winder with constant delivery speed 
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nerator sets, and 
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Broad V 
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peaking, loads can be cla 
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\ CONSTANT HP TYPE 
senescence 
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| CONSTANT TORQUE TYP 


TORQUE TORQUE 
b— DC MOTOR WITH FIELD WEAKENING 


TORQUE 
¢— RECTIFLOW ADJUSTABLE-SPEED AC DRIVE 
Fig. 7 


d—EDDY-CURRENT COUPLING 

Inherent speed-torque characteristics of typical adjustable-speed drives: 
(b) Dc motor with field weakening; 

MARCH, 


a) Adjustable-voltage dc drive; 
c) Rectiflow adjustable-speed ac drive; (d) Eddy-current coupling. 
1960 











torque at sfarfing to overcome “breakaway friction.” This 
condition is shown in Fig. 2c. 

Variable torgue—This classification is given to passive 
loads that are characterized by viscous or fluid friction 
effects (Fig. 2b). Fans, blowers, and compressors fall into 
this class because their hydraulic loading is usually viscous 
friction. The “windage”’ effect associated with motors, or 
other parts rotating at high speed, is primarily viscous 
friction, and it also displays the “variable-torque”” demand 
Phis windage load often appears in combination with 
constant-torque loads at higher speeds. (See Fig. 2: 

One important exception concerning pumps should be 
noted; not all pumps operate against fluid friction loads 
\ boiler feed pump, for example, usually operates against 
a constant pressure in pumping feedwater into a steam 


boiler. This results in essentially a constan/ torque demand 


Tension—An often encountered active load 1s that of 
holding tension. Tension loads can appear in several form 
pulling or holding back, either against constant-speed 
delivery rolls, or against tension-setting ‘dancer’ or 
“compensator” mechanisms. In these latter devices, oftet 


used in the textile and rubber industries 
ooped through a movable roll that is weighted to estab 
lish the sheet tension Multiple loops and ro mav be 


ganged together to provide storage of fabri: 


mentary differences in input and output speed 


— 
i 


he case of holding tension against det 

shown in Fig. 4, for both pulling and holding back. An ex 
ample of dancer tension is shown in Fig. 5. In both, the 
load demands torque whether or not there is motion. Of 
course, limits exist in either case; either the delivery rol 
pull until the fabric breaks, or the dancer pu 
travel is used up. In both examples, energy is transmitted 
by means of the load 

Consider further the curves of Fig. 4, where tensior 
held against constant-speed delivery rolls. Ordinarily t! 
isa friction component to this load due to roll bearing 
and this ts the only load until the roll surface speed matche 
the delivery speed. Any further speed difference estab 
lishes tension Increase 1n surface speed for pulling de 
crease, for holding back This accounts for 
horizontal slope of the load curve, which ts depe ndent 
product elasticity and machine geometry 

The dancer mechanism, which establishes tension in the 
material regardless of roll speed—at least within its limit 


of travel—is described in Fig. 5. While within limits, the 
constant dancer tension produces a constant-torque de 
mand. Different delivery speeds result in a different o 
ating point on the same curve. The dotted lines indicate 


eT 


existing limits of travel, after which the dancer plays no 
part in load determination. 

Time-changing loads — Included in this category are loads 
that vary with time—for example, the core type winder, 
found in nearly all phases of industry. This load is time 
changing because roll radius increases with time. For any 
given roll radius the load demand is the familiar tension 
characteristic curve. As the radius grows, however, both 
load torque (product of tension and radius) and drive 
speed (surface speed divided by roll circumference) change 
A family of tension curves will describe the winder load at 
different values of roll build-up, as shown in Fig. 6. To 
hold constant sheet tension during build-up, the operating 
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Fig. 11 Modification of inherent drive charac 


teristics by dancer roll regulator 
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Fig.12 Curves show match of adjustable-voitage 


dc drive to constant-torque toad 
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EDDY. CURRENT COUPLING 
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ToRQuE 
b— SPEED-REGULATED DC DRIVE 


Fig. 13 Curves show match of (a current-regu 
lated dc drive and b speed-requlated de drive to 


a tension load such asa fabric stretcher 





point must shift gradua ilo escribe 


path ts the dotted curve O Fig. 6. wl 


constant-horse power curve If 
are both constant, their prod 
tension horsepower, IS also 


‘ 


It is important to recognize 


constant tension is the desire 
particular roll radius the ac/ua € so 
Therefore, the drive must t eT 
those point iying on he do 
drive characteristics 
Dr ve lor id table ct 
hy two rve The r 
r e art ' ‘ lan 
f curve It rve ade 
meet load den ds 
The econd rve " te 
, le I bye { yn AIA 
irive ipable ol irl 
ranos The ip } \ ¢ 
( ir ¢ The Tea ) 
il ( e motor v eve 
( ad demand rey f 
more I} oad Val 
ve even Dé ) ( 
lemand no tained ) 
The erent character 
ic] table pee | 
Phe de drive with armature 
isa mstant peed iract¢ 
orque ipabhiity rve. <0 ( ( 
tant flux 1 maximu! 
| I irive wit! r VeCUk 
i ) i peed iracte 
orsepower ipabilit e % 
| ed pv onstant ¢ ) 
rret power volt ¢ 
The Rectitlow ad ( é g 
oO il peed Naracter | 
a capability curve that eithe 
tant-horsepower, depending 
The constant torque nature I ( \ rre! 
drive is shown by the characte rve Fig 
upper capability curve ts set | mum ¢ 


loot 


and the lower curve is detern 


to dissipate the high heat losses eeds 


modification of drive characteristics by regulators 


Since adjustable speed drive l i limited 
of inherent characteristics, it metime ies 


modify these character 

requirement. Regulators or other 
used in this way to increase the 
Furthermore, a regulator ca pre S10! 


is not inherent in the character 


drive. Obviously, an unregulated driv mpletr 


expensive than a regulated drive ild be 
possible. If a regulator is require vever, the 
take on an entirely new set 

Speed regulator—A tachometer be usec 


actual drive speed, and whe 
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Fig 14. Matching dc drive to time-changing load by means 
of a constant-horsepower regulator. 


lating elements, can correct drive speed to keep it precise 
constant. The result is shown in Fig. &, where the regulator 
effectively removes the speed droop from the unregulates 
characteristic curve 
Current regulator 


with an adjustable-voltage dc drive (Fig. 9), produces a 


major ¢ hange in the speed torque Curve The new ra 
teristic Curves are constant-torque, since motor torque 
proportional to current for a tixed value of ex i ym. Dit 
ferent values of regulated current produce liffere ) 
stan orque rves as show 

The same curre regulator, whe ed a 
Fig. 10, also forces a complete change. The new rractet 
istic Curve is constant NOrsepower, resulting tron i ‘ 
voltage and constant current 

Dancer regulator—The use of the dancer me 
establish fabric tension was discussed under tensio ir 


acteristics. The dancer can be further utilized to provide a 


control signal for regulating the relative speed of one moto 
with respect to another. The posi/ron of the dancer mecha 


nism is directly proportional to the relative angu 


ference between the pullrolls and holdback rolls I} 


the position of the dancer is maintained consta! Vv meal 


of a dancer regulator, the controlled drive A be 
chronized with the other drive (Fig. 11 
matching examples 

Printing press—Large newspaper press ire good! ¢ 
implies of constant-torque oad \ multip { of 
irry the lightweig ( f newsprin ro e pre 
ections. 7 oading is predomina ft 
sient windage compone! vt poet 

The operating requirements are relative ol 
speed, 2-to-1 produ tion speed range, ow threadiny speed 
and fine acceleration control to avoid ect break 

An adjustable-voltage de drive is commor \ ed, ¢ 
cially since several similar section drives can be fed 


the same power supply The intersection of drive and load 


curves (Fig. 12) results in stable operation 
hich might result from different cylinder or 


load torque, whl 
inkroll pressure, produce little change in speed. Smoot! 
acceleration is obtained by gradually increasing de voltage 


applied to the drive motors. 


so 





Stretching machine—Heat-setting requirements of cer- 
tain man-made tibers require several pull-roll sections to 
operate together, some pulling and some holding back. 
Requirements include: constant tension, reasonably con 
stant speed, and in the case of holdback tension, ability to 
absorb power. Two approaches are often used; one employs 
1 current regulator, and the other uses a speed regulator. 
In either case, one section of the stretcher ts designated the 
ead section with the others pulling against it. The lead 
ection is usually speed-regulated lo establish overal!| 
production speed 

Phe tirst approach, illustrated in Fig. 13a, uses a current 
regulated adjustable-voltage de drive. The intersection of 
he characteristic curves 1s stable. Good tension control ts 
provided, with the fabric serving to tie drive speed to the 
ead section. Small changes in production speed produce 

e or no change in tension 

Ir trv second case I iv 3b a speed reyulator ts used 
to set tension. A precise regulator is required since slight 
hanges in drive speed will produce large thluctuations in 
tension. The intersection of load and drive curves indicates 
very high stabilizing forces in re ponse to disturbances 
Paradoxically, this condition can result in overshooting 


is if there is insufficient damping in the 





tem. Such a svstem does not lend itself to good stalled 
" 


ension control, because at zero speed the speed regulator 
et in indeterminate condition 
Winding ree \ modern tive-stand tandem cold mull, 


y very large drives, produces steel strip that is wound 


gh speed on a collapsible-mandrel winding reel. Re 
rements of the reel drive for this application include 
3000-0000 fom, 50-100 fpm threading speed, and coil 


= } 
Ip ol more than o to 1. Good tension control is 


required, also over a 5-to-1 range, to accommodate different 


yayes and widths of strip. Acceleration control ts critical 
because the entire mill must accelerate without disturbing 


he speed relationships between stands. In addition, the 


wceleration period should be kept as short as possible 
because off-gage material will be produced during this time 
\ idjustable-voltage de drive is used to ac omplish the 
lesired) functions (Controlled application of yenerator 
rapid and smooth acceleration. A’ special 
mbination of current and speed regulators, for both the 
renerator and reel motor, gives a constant-horsepower 
wteristic to the drive (Fig. 14 This characteristy 
he desired constant-tension locus, with stable inter 
ections at all coil diameter 
These examples highlight a few applications en ountered 
ndustry today, and serve to illustrate the method of 
wking such problems. First, load requirements must 
be examined to determine load characteristic curves 
Second, available drive characteristics are checked for 
ble solutions. Load and drive curves are matched to 
determine performance suitability. If more than one suit 
atple olution 4 pos ible, the problem becomes one of 
economic choice. Such factors as initial cost, installation 
operating and maintenance expenses, and flexibility 
for future use must be considered. One choice will then 
yenerally show overall superiority. Such a procedure should 
nsure a sound application, and will take maximum ad 
vantage of technological progress, as tempered by perti- 


nent economic considerations. ® 
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THY ADVANCED MECHAMECS SCHOOL 
... IS role in mechanical engineering at Westinghouse 


Mechanical engineering is entering a new era in the electrical industry. 


Experts in advanced mechanics will be needed to pave the way. ‘ 
R. E. PETERSON Thus mechanical engineering continue to p 
Research Laboratories major role in the electri il industry lamong the talents 
Westinghouse Electric Corporation needed are experts in the more | ed aspects of me 
Pittsburgh, Pennsylvania chanics. To help fill this need Advanced Mecha S @ 
Although it seems anomalous, mechanical engineering School was established at Westinghouse in 1956. 


plays a vital role in the electrical manufacturing industry 3 
why an advanced mechanics school? 


One indication of the importance of mechan al engineering 


is the fact that Westinghouse employs over 2600 mechani Mechanical engineering is advancing rapidly because of: 
cal engineers with a bachelor’s degree or higher 1) fundamental work in the applied mechanics field, (2 
\ closer look at the structure of Westinghouse discloses use of high-speed computers, and (3) use of new instru 
apparatus that is entirely or primarily mechanical: steam ments and techniques. 
turbines, condensers, heat exchangers, pumps, industrial rhe tinal stages of many engineering problems are now 
yas turbines, fans, blowers, gear units, aviation gas tur being solved by large computing machines; a few examples 
bines, automatic washing machines, refrigerator-freezers, are indicated on page 53. The most difficult phase, and 
air-conditioning equipment, and many others. In other the one requiring advanced training, is that of understand 
apparatus, such as generators, motors, atomic equipment, ing the physical concepts involved, visu ing the problem, 
and transformers, many of the major problems are me and formulating a mathematical representation that can 
chanical in nature be turned over to programmers for translation into ma 
Consider, for example, the development of a new and chine language. Thus the formulation of the problem is 
larver generator. The designer is faced with many difficult critical step, that once accomplished leads to elimination 
questions: the adequacy of larger forgings, the vibration of calculation drudgery and saving of valuable time. For 
behavior, the provision of sufficient cooling, the adequacy example, extensive analytical work on the transmission of 
of the bearings, the stress analysis and design of coil re vibration through machinery foundations has been put in a 
taining members, and so on. These are the main factors form suitable for the digital computer, with the result that 
that limit design possibilities, and, conversely, solutions calculations requiring a man-year of time (using a desk 
obtained in these areas extend design possibilities and calculator) can be run off in eleven minutes on the hig! 
enable more efficient apparatus of larger capacity speed computers. The computing machines make it pos 
Looking beyond present products, new forms of power sible for the engineer to extend his horizons and tackle 
generation and utilization—the thermoelectric and mag problems that in the past seemed too formidable. 
netohydrodynamic devices, the space applications —will All problems cannot be solved mathematically. In many 
|e 


require information from the mechanical engineering areas cases knowledge ts insufficient to formulate the ] 


of thermodynamics, heat transfer, and tluid mechanics adequately. In other cases the problem is too complex. At 





so 


example of this kind is the accurate determination of the 
stresses in a nuclear pressure vessel head, a thick, curved 
member, with numerous holes for control rods and bolts 
Recent advances in three-dimensional photoelasticity have 
made possible a precise solution of this problem. Another 


Table 1I—TYPICAL THESIS SUBJECTS 
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type of problem has been solved by an experimental 
method based on membrane analogy 

Providing the continuous flow of new fundamental 
knowledge is the function of the Research Laboratories 
Phe task of applying this new knowledge, however, falls 
largely to advanced development groups throughout the 
company In both places, mechanical engineers with ad 


vanced training are vitally important 


the advanced mechanics school 


The new school was established in 1956 and is an out 
growth of the well-known Mechanical Design School, 
which had been in existence for over 30 years. The old 
school was limited to thirteen weeks annually. The new 
school is more extensive and covers an entire year, W ith the 
summer utilized for thesis work; during the vear no com 
pany work is assigned to the student. The program, if suc 
cesstully completed, meets the requirements for a master’s 
degree at the University of Pittsburgh 

\bout ten students are selected each year for this pro 
gram and usually these are the top students at their 
TESPECcliVe S¢ hools. The candidates are required to pass a 
by the 


graduate student entrance examination giver 
University of Pittsburgh 

Courses covered in this program are shown in Table | 
These are daytime courses conforming to the scholasti 
calendar of the University of Pittsburgh. Credits and re 
quirements are the same as for the resident students at the 
University, some of whom participate in individual courses 
ot the program The spread of subjects ts greater than ts 
usually found in a master’s degree program where a major 
and minor are selected; such a broader base is advanta 
geous Ina company as diversified as Westinghouse. Course 
work in the Advanced Mechanics School is of a high-level 
basic type, involving intensive use of advanced mathe 
matics, so that the graduates are well equipped to effec 
tively utilize the powerful aid provided by the computers 

In addition to the class work, a thesis survey course and 
it master’s thesis are required The thesis work 1s espet ially 
valuable, because expert scientists are available as thesis 
advisors, including over forty specialists in the various 


ireas of applied mechanics. Also available, for consultation 


or special help, are experts in many other tields, throughout 
the Laboratories, and the facilities of the entire Laboratory 
and its shops. Typical thesis subjects are shown in Table IL. 

The students are located at the Research Laborat Ties 
ind are encouraged to participate in activities of the La 
boratories, including seminars and department meetings 
The students obtain knowledge of the COMpany through 
visits and guidance, and are placed in positions according 
to their interests and opportunities Graduates of this new 
school are now located at eleven different departments Wn 
Westinghouse, including those concerned with advanced 
system planning, computer operations, atomic power, tur 
bines, vyenerators, and advan ed design and development 

In summary, mechanical engineering in the electrical 
ndustry is entering into a new period. Although the con 
ventional role of the mechanical engineer will continue in 
the future, experts in advanced mechanics are needed to 
develop and put to work the new fundamental knowledge 
that is so rapidly extending our frontiers. Only the most 
proficient will be capable of meeting the challenge + 
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MANNED ROCKET FLIGHT 
... Fequires a trade-off between 
performance and complexity 


DR. W. W. HOHENNER 
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A ror ket t? ip lo the moon? Th is ‘“‘down-to-earth”’ 
analys is of today’s accomplishme nts shows why 
ré ability is the most serious deterrent to man- 


, oe 
ned space flight. 


YEAR OF AVAN ABILITY 





Fig. 1 Increase in missile launching weight since 1944. 
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pecitic impulse 


oxyvven and kero enc i per Ihe 


e ol ond For Purposes comparison 


lant combinations with in excess of 





275 seconds have been listed. While it would be Interesting 
to discuss some of the typically disadvantageous propertic 
of the high specific-impulse propellants, such as their 
poor stability, corrosiveness, and poisonous characteristics 
t ficient to point out that a specific impulse of 275 
second st very difficult to obtain. Even this would 
0 represent 10 percent increase over the 250-second 
\ Vl I \ lable in 1944 
Whe mpared with improveme n ma ratio 
re pecil mpulse eem I heal Ye ( 
etor it has been ¢ yn ided to a i 10 percent rn 
prove ( bo equa 0 i req red tor the reeloid 
reas nia ra ) 
severa - 1 prope i! ind their eC my ( ire 
i ) ed lable I] The ower ol the fra é 
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mug feasible ! not vet ival mie tor e type t 
ket or lered in this article The problem ol mal 
{ r ’ r r and handling 10 000 to 100 O00-po | 
I ( ra ire not ft ‘ olved ) . 
é IM ‘ ot IM ‘ | ) more 
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Fig. 2 


ARCH, 


‘ ‘iT have n ide Do ble rreat ricle 
| ir pplication ol el t rocke How 
ot erest to compare present ror ket ¢ ipabi rtie 
e requirements for manned rocket flight. A logica 
in be made by matching today’s capab ( 
e ree re ‘ ofamany if pace I p to the moo! 


Increase in mass ratio of single-stage missiles. 


1960 


V elocily 
the moon are listed in Table I 


The velocities required to condu 
The required ve 
round tr p to the moon is about 19 000 meter 
(42 500 mph). At present, about f this vel 
bility can be attained even assuming an ¢ 
Thus for the 
hciency 1s about two to three 

Pa yload 
load of 9000 to 23 000 kilogram 


defined mission, th 


pay load 


19 000 


Present capability (at 


much reduced velocity 


\ manned space probe might requ 


to 50 000 pound 


‘ { 
i rip Oo 
ocily tora 
per second 
it. ' 
it capa 
ym te 
City if 
Ire a pay 


about 


900 to 2300 kilograms, or a defici f about 10. 

Guidance and Control Requiremes Some ol e cond 
tion required for a succe lul moon vovage ¢ ica 
required cut off velocity as a funct I initial pat ingle 

are shown in fig. 3. Present é e-art pert 
control of velocitv to within 0.3 meter per sé 1 (1 foo 
per second), and angular ort »v ibo ] 
degree or l¢ Bot! these i ! f re noent to 
mal ed moon trip Space vel r with 
or mil 0.5 degree is obtainable l iso hice 
monitoring prevents an increase error wit! me 
Similarly, the required thru t variation and control w I 
i ratio of 10 to 1 seems feasible. Repeated firings of PF 
propulsion motors in different directions is feasible. There 
fore, the deficiency in guidance and control is not grea 
pert ip between 1 and 2 

Reliabill Rehability requ m¢ for the yon tr 
can be divided into propulsion and electron tegories 

Propulsion reliability: Assume that the reliab re 
quirement for each stage of the rocket prop Oo ¢ 
is 0.99, At present, rov ket motor an be Dul » mee ¢ 
vy idan r and ( ontrol req lirement rev i ed Hi W 
ever, these complex motors have a estimated relial 
of only 0.80 per mission. Therefore, the deficier € 
reliability of the propulsion systen ) 

Electronic reliability: Assume an electronic reliability 
requirement of 0.99 for a trip duratior ¥§ 200 hours lo 
determine what can be achieved tod ippose that 250 
vacuum tubes or equivalent tra tors are employed 
the electronic circuitry. Using conventional reliability 
theory, the mean life required of the electronics equipment 


bh 4 & 


INITIAL PATH ANGLE 


Fig. 3—Conditions required to obtain missile impact on the moon. 
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to « orrespond to 0.99 probability of success for 200 hours, 
can be determined as follows: 


R e im 


where / is time period (200 hours), m is mean life, and R is 
probability of successful operation (0.99), If these as- 
sumed values are inserted in the equation, m will be 20 000 
hours—the required electronic equipment mean life 

A useful first approximation to obtain present-day 
electronic system reliability 1s: 


m= S000 


where is the number of vacuum tubes or equivalent tran- 
sistors in the system (250). Solving for m, the mean life 


presently obtainable is 20 hours. Thus the deticiency in 


electronic system reliability is about 1000, 


the complexity problem 


Phe large-scale use of extremely complex machinery in 
modern rocketry has presented a particular problem in 
reliability —the overwhelming number of different possible 
modes of failure. Simple devices designed to perform a 
simple function can have from two to six different modes 
of failure. Once these modes are recognized and analyzed, 
sufficient engineering can improve the device. However, 
complex machinery has so many different modes of failure 
that only a few of the most frequently occurring modes 
can be recognized and investigated. 

(ne requirement for rapid maturing of complex equip 
ment is to have a large number of devices in use simul- 
taneously and under a wide spectrum of environmental 
conditions. Many failure observations, under different 
operating conditions, permit the efhcient analysis required 
to improve the design 

An additional factor that makes the rapid maturing of 
complex equipment difficult 1s the extreme dithculty of 
performing failure analysis on rockets that have become a 
pile of twisted metal as a result of the failure. In many 
cases, the failure can only be localized to some major as 
sembly. The specific cause of the failure—a marginal de 
sign, or a random failure—frequently remains unknown 

Extensive testing of component parts and assemblies 
under simulated launching conditions might yield some 
clues to locate weak points in a design. However, the 
modes of failure are so numerous that only extended test 
ing of extremely large samples can give a clear picture of 
the overall resistance of a part to the many environmental 
and service loads. 

Failures caused by interaction between components in 
the system are even more difficult to analyze, pin down, 
and recognize. Particularly, failures caused by interfer- 
ences of system components have the tendency of appear- 
ing to be random, though actually they are typical design 

hortcomings. The inadvertent nonuniformity between 
sets of complex machinery caused by random assembly of 
plus or minus tolerances, although produced with utmost 
care, makes an analysis and distinction between random 
and typical modes of failures extremely difficult. 

Progress in reliability over 10 years of enormous effort 
has not been great, as illustrated in Table IV. Records of 
present ballistic missile systems are not published. Spe- 
cifically, if figures are mentioned, the definition for failure 
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A. LIQUID PROPELLANTS 





OXIDIZER FUEL SPECIFIC IMPULSE Isp (Seconds 
Oxygen Kerosene 250 
Boro Hydride 276 
Lithium Boro Hydride 306 
Lithium 318 
Hydrogen 345 
Ozone Hydrazine 277 
Hydrogen 373 
Fluorine Ammonia 295 
Methy! Alcohol 298 
Hydrazine 300 
Lithium 335 
Hydrogen 371 
White Fuming Nitric Acid Hydrogen 298 
B. SOLID PROPELLANTS 
Ammonium Perchlorate + Polyurethane 210-250 
Boron Metal Components + Oxidant 200-250 
Lithium Metal Components + Oxidant 200-250 
Aluminum Metal Components + Oxidants 200-250 
Perfluoro Type Propellants 250 and above 
v-2 REDSTONE JUPITER THOR ATLAS VANGUARD 
Height (Meters 14 21 77 19 30.5 22 
Diameter Meters 1.65 1.83 2.68 2.44 2.6 1.14 
Payload (Kilograms 1000 95 
Propellant (Kilograms 8650 15 700 42 000 43 000 105 000 
Weight, Empty (Kilograms 4000 7000 5730 5700 14 100 
Weight, Full (Kilograms 12 800 22 700 47 700 48 500 124 000 10 000 
Mass Ratio (W Full W Empty 3.2 3.2 8.25 8.4 13 
Thrust (Kilograms 30 500 35 500 68 000 68 000 177 000 12 300 
Burning Time (Seconds 69 110 16] 130 140 296 
Ideal Velocity (Meters Per Second 2790 2800 5180 5230 7100 


VeIsp Gin M 





v2 VIKING BUMPER 
2 STAGE 
VEHICLE 
Number 
Launched 68 12 8 First Stage Second Stage 
3 Good 37% 3 Good 66% 
2 Usable 63% 
3 Failing 37% 2 Failing 34% 
No Known 32 6 2 ] Combination Reached 
Malfunction About 80% rated Performance 
Satisfactory for 45 ] ] 
Purpose Intended 
Reliability y 
Correctly 471% 50% 25% ( 
Usable 67% 58% 37% 
Failures 33% 42% 63% 
Wartime Record of Failure Defined Failure Defined as 
V-2 About 65% With 20% Below § More Than 20% Below 
Rated Performance Rated Performance 
57 
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Table |—RESPONSE TIMES COMPARED FOR MODEL EFG GOVERNOR 
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that has been emploved is usually not stated. In the of many capable scientists and engineers has not yet pro 
examples listed in Table IV, failure is detined as syste vided motors with sufficient reliability to give hopes of 
performance below SO percent of rated performance. Tl rccomplishing even minimum goals. The results to date 
below-par perlormance ts assumed to sull ( y degrade rather indicate that a phenomenon has been en ountered, 

t light so that the launcl! objective cant ix t (OD A in be termed the « ym plext \ phenomenon The re 
viously, most performance requirements ES ibility requirements of a large number of components in 
graded 20 per { endering the . eries often seem incompatible with the purity of material, 


uned either from natural sources or from the labora 


reliability and manned space flight ry. The inadvertent inhomogeneities in material produce 
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Table |—RESPONSE TIMES COMPARED FOR MODEL EFG GOVERNOR 
vs MARK | (LOAD SENSING) GOVERNOR 


ELECTRIC FREQUENCY GOVERNOR 
... an improved electric 

governor system for prime 

mover speed control 


This: universal governing system exceeds the ori- 
ginal ‘precise power”’ performance specifications 
adopted for frequency-sensitive equipment. 


G. M. DAMON, Sales Manager 
Klectrnce Governor Project 
Westinghouse Electric Corporation 
Bulflalo, New York 


Two major objectives have influenced development and 
design of governors since the first simple ftly-ball governor *Time from instant of load change to change in output of listed governor element 
was conceived—automatic action and accurate control. 
Recent developments in such frequency-sensitive equip 
ment as guided missiles and radar warning systems have 
made these objectives absolute requirements. The need for Table 1I—PERFORMANCE DATA FOR MODEL EFG GOVERNOR 
extremely accurate power-supply frequency regulation led COMPARED WITH "PRECISE POWER” SPECIFICATIONS 

to the development of the first successful “precise power” 
electric governor in 1952. This was the load-sensing Mark I 
governor, which was thoroughly field tested from 1953 
through 1956, and was placed in production in late 1956 


the EFG governor 

Further development of the Mark I system led to the 
incorporation of the Harder transistor oscillator into the 
electric control component of the Mark I governor. This 
resulted in a governor that performed far better than 
required by the original performance goals of the Mark I— 
the “precise power” specifications (listed in Table IT). 

This retinement in the electric control circuitry made 
possible further simplification in the system: During devel 
opment of the Mark I governor, the load-sensing watt- 
meter did appear necessary for stability in 60-cycle service, 
but was found marginal in 400-cycle service. A design 
analysis indicated the feasibility of eliminating the watt- 
meter altogether in the new system. Tests revealed that 


performance was improved over that of the Mark I (load- ; : 
1— Sudden load increase 0-25.75, 0-50.%, etc. 


sensing) governor 
2—On 30 kw, 1200 rpm, diesel generator set 


The new EFG (electric frequency governor) model is 
capable of holding steady-state frequency regulation to 
plus or minus 0.10 percent or better. Frequency deviation 
on full-load transients in some cases can be controlled to 
within plus or minus |» percent, with recovery to steady im : prone Fs 
state in less than |!) second. > : - ii aa Sore ee 


speed sensing vs. load sensing 


The reductions in the time constants for the new EFG 
governor over the Mark I design are shown in Table I 


The Electric Governor” by J G. Gable. Westinghouse ENGINEER 
September 1956, p156 7 
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At first glance, it seems inconsistent that straight fre- 
quency (speed) sensing could be more sensitive than load 
sensing with its speed-change anticipation feature. How 
ever, the EFG governor frequency reference circuit ts 
affected temporarily by voltage transients in such a way 
that reduced-voltage transients signal an impending speed 
drop, and increased-voltage transients signal an impending 
speed increase. Since load increase or decrease is accom 
panied by a transient voltage decrease or increase respec 
tively, the EFG governor is likewise speed-change antici 
pating. (See Governor Operation. 

Actual performance data for the EFG governor as com 
pared with “precise power” specifications are listed in 
lable I]. The EFG data were taken from laboratory per 
formance records on a 30-kw diesel-generator set at 1200- 
rpm engine speed. 

Phe 60-cycle data were obtained by sensing main gen 


TRANSDUCER 


pe ee eee ed 











VALVE 











Westinghouse ENGINEE 


erator frequency in the normal manner. The 400-cycle data 
were obtained by operating the same generator set; how- 
ever, a small 400-cycle permanent-magnet generator was 
connected directly to the engine to supply power and the 
frequency signal to the yovernor control unit. 

Phis illustrates an important additional feature of the 
EEG governor: it can be applied to prime movers driving a 
mechanical load, and will provide the same precise speed 
regulation obtained with electric-generator set operation. 


field experience 


Performance data from field installations are reported 
typically as frequency control under one percent for full 
load pickup, on sets under 300 kw and engine speeds over 
720 rpm, with recovery time of less than ene second. On 
lower-speed, higher-capacity sets comparative figures are 
2 percent and 1.5 seconds approximately. 
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Steady-state regulation is typically within plus or minus 
one-fourth percent. Speed regulation from no-load to full- 
load is isochronous. This characteristic permits isochronous 
operation of two or more sets in parallel. Automatic kilo- 
watt load division is maintained to closer limits than is 
possible with other type governors. Hence, generator sets 
can be operated nearer their capacity limits. 


application 

The EFG governor is a universal prime mover accessory, 
applicable in any situation where constant-speed control ts 
required, Continuous speed adjustment within plus or 
minus tive percent of base speed is possible. For systems in 
which the prime mover is driving a mechanical load, a 
small (50 watt) direct-connected permanent magnet gen- 
erator can be added to supply 120-volts ac for power supply 


and frequency (speed) signal. 


Initial applications of the EFG governor have been to 
diesel engines, in line with the Government “precise 


power” diesel generator program. However, extended test- 


ing of this governor system on steam turbines and gasoline 
engines has consistently shown improved results over con- 
ventional hydraulic governors. 

For steam turbines, an electric-sensing component is 
used for automatic load division in parallel operation to 
compensate for the throttle-step characteristic of the mul- 
tiple steam inlet valves. Also, since considerably higher 
forces are required to move steam valves than to operate 
diesel throttles, a moditied hydro-mechanical valve actuat- 
ing mechanism ts needed. 

The precision performance possible with the electric 
governor has already established it for critical power sup- 
ply application; the electric governor bids fair to become a 


widely used governing system in the future. * 
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This photograph of 

the extra-high voltage elec- 
tric transmission test line 
at the Leadville Substation 
of the Public Service Com- 
pany of Colorado was taken 
using high-speed film and 
long-time exposure. This 
technique, made possible 
by new high-speed films, is 
enabling transmission en- 
gineers to learn more 
about the nature of corona, 
arcing, and potential 

noise sources of extra-high 
voltage lines. 





More than 14 feet in 
diameter and 30 feet long, 
this steel frame will house 

the world’s largest 3600-rpm 
turbine-generator. Rated 

at 384 mva, the com- 

pleted unit is scheduled 

to be delivered to the 
Arkansas Power and Light 
Company's new station 
near Helena during the 
summer of 1960. 
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NEW JOINING TECHNIQUES 
FOR NUCLEAR CORES 
Since the beginnings of atomic power, 
the development of materials to satis 
fy the unusual needs of nuclear reac 
tors has been one of the major difficul- 
ties. Part of the problem has been 
that of finding satisfactory methods of 
joining the metals used in the core 

In the first 
effort was devoted to tinding practical 
Now 


turned to tinding 


reactors, the major 


methods that would do the job 


the attention has 


better methods —either from the stand 


pomt of better joints, simpler pro 


cedure or less cost 


Three Processes 
tivated at the Atomic 
Bettis Labora- 
tory are typical cle velopments 


Electron Beam Welding—An intense 


and highly beam ot 


now being inve 


Energy Commission's 


com entrated 


electrons in a vacuum can melt or 


iporize any metal in its path, and it 
i rately controlled can be used for 
re on drilling of holes. In fact, de 
vices of tl type have been used for 
seveTal year to put holes in watcl 
ewe! More recently, much atten 
tion has been focused on a similar 


process for welding, and during the 


past vear extensive development work 


has been devoted to the use of electron 
beam welding in the manufacture of 
nuciear core 


In electron beam we lding. when the 


high velocity beam of electron trike 
the meta irface, the thermal energy 


highiv conce rated and innot 
| 


ily absorbee« by conduction 
melting and Vapor 


\ conical 


formed as a result of the 


ization occurina small area 
CaVILV Is 


vaporization, and, as the beam trav 
molten metal tlows 


into this cavity and resolidities 


cTs¢s a Wwe d cam 


Most electron beam welding equip 
ment in this country uses low voltages 
under 50 kv) and high currents (ap 
proximately 1 ampere) and the re- 
similar to that ob- 


sultant weld ts 


tained by other welding methods —it 
width 1s several times as great as its 
penetration The equipment used in 
experiments at Bettis, however, oper 
above 50 ky 


li 
and produc es strikingly dif 


ates at high voltages 





and low currents (under 20> mi 
amperes 
ferent results 

The high-voltage electron beam 
welding process appears to have many 


attractive possibilities, particularly in 
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the welding of highly reac tive metals 
in vacuum, and in making special 
that 
tremely difficult or impossible with 


situation welds might be ex- 
other welding techniques. 

At present, two factors may limit 
the use of this process for produc tion 


With 


the control of the weld penetration 1s 


purposes. present equipment, 


not accurate enough from weld to 
the difficulty of 
A sec- 


ond problem may be encountered in 


the build-up of heat within th 


weld, because of 


maintaining machine settings. 
e work- 
piece during multipass welding. Since 
electron beam welding is conducted 
in a vacuum, heat dissipation is more 
difficult shielded 


welding problems 


than with inert ga 
Neither of these 
seems insurmountable 

Bonding Metallurgists 


searched lor year lor a good 


Pressure 
have 
method of bonding metals using only 
ure. A method 
Bettis 


Laboratory may pro- 


pres ure and i 
now being evaluated at the 


Atom 


> 
] ower 


vide just such a process for the manu- 
facture of nuclear fuel subassemblie 
Basically, the process consists of 


stacking the components ot a tuel 


subassembly in “sandwich” fashion. 


Such a “sandwich” consists of a clad- 


ding material cover, the fuel core 


material, cladding material 


cover, and so on until a subassembly 


of suitable size is built up. An insert ts 


inserted at localities in this sandwich 
where channels for water tlow are de 


sired. This insert is removed by acid 


after the bonding Is complete 


andwich 


consisting of 
is stacked 


container, wl 


The entire 
finish-size Components 


within a metal uch 1s 
subsequently closed by welding, evac- 
uated through a small tube, and sealed 
under vacuum. The evacuated con- 
tainer is then placed in a high-pres- 


] 


sure vessel and brought up to pressure 
and temperature in an argon atmos- 
phere. The combination of tempera- 
ture and pressure forms an effective 
joint by interdiffusion of the metals. 

The advantages of such a process 
are obvious. Finish-size components 
can be cleaned, assembled, and then 
joined in one operation. The fabrica- 


tion of a fuel subassembly from finish- 


ze components could become a one- 
step instead of a multi-step operation. 
\ diffusion 
bonding proc ess being developed is 


Diffusion Bonding 


one of the processes that may help 


—— 





sr Ue ee a Se ee 


make metallic-clad oxide 


plate-type element 


uranium 
possible. Based 
on the present stage of development, 
sist of three differ- 


ent component 1) the 


these elements con 
uranium- 
the 


oxide fuel, pressed and sintered in 


form of flat rectangular-shaped wafers 


(each assembly contains many wa 


fers); (2) a fuel receptacle plate which 


holds the fuel wafers in separate com- 


~ 


partment ind cover plates of a 


cladding materia The over ind 





receptac 1€ plates are oined by diffu 
sion bonding etiective ealing 
the entire fuel element 

The new proce more precisely 
called eute M n bonding, 1s a 
method of joining the cladding com 


ponents and involve he tormation ol 


a molten eutectic allov tilm between 
solid mating surface der the appli- 
cation of an external gas pressure ov 
psig). TI oy film is formed 

a 6) 


by diffusion of a preplaced 


The eutectic a 
n iaVvyer 


of a pure meta ypper) on the sur- 


faces of the receptacle plate. The 
diffusion occurs during heating of the 
assembled components to the bonding 
temperature (1900 degrees | On 
reaching the meiting point of the 
eutectic alloy ocal melting occurs 


and effects bonding of the solid and 


higher melting point cladding com- 


Holding the 


bonding temperature lor an extended 


ponents assembly at the 





period (30 minutes) results in diffusion 
of the bonding ivent into the mating 
cladding component The micro- 
structure of the bond 1s noteworthy 
because there no solid eutectic 


allov laver in the bond intertace as in 


brazing In fact, there is a compiete 
disappearance of the original cladding 
compone nt nteriace ind a repiace- 
ment by a uniform and homogeneous 
microstructure 


lesting thus far conducted shows 


adequate strength and ductility and 
no problems Vill dimensional changes 
during thermal cycling. 2 
. 


Tungsten is one of the most difficult 
th. It is brittle at 
] 


metals to work wi 


room temperatures, and therefore a 


processing must be done at high tem- 


peratures. But with uncharacteristic 


ls of tung- 


“friendliness,” single crysta 


sten are ductile at room temperature, 


and thus far easier to process. Because 
of this fact, research engineers at the 


Westinghouse lamp division are now 
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